XPS measurements
X-ray photoelectron spectroscopy (XPS) was performed to further confirm the chemical structures of CPEs, conducted in Marine Science Institute at University of California, Santa Barbara.
XPS was performed at a Kratos Ultra spectrometer (base pressure of 1×10 −9 Torr) using monochromatized Al Kα X-ray photons and a HeI discharge lamp. All the polymers solutions were dissolved as 5 mg mL -1 . The solutions were spun cast on top of pre-cleaned ITO substrates with the thickness approaching 50 nm. Films were transferred via an airtight sample holder to the XPS analysis chamber. Samples were also kept in a high vacuum chamber overnight to remove solvent residues.
UV-vis absorptions and Fluorescence emission spectra
All UV-vis absorption measurements were performed using a Perkin Elmer Lambda 750 spectrophotometer at room temperature. Fluorescence emission spectra were processed in the MD-5020 with Xe lamp made from Photo Technology International at room temperature. Solutions were processed with the concentration of 0.0167 mg mL -1 as description.
Fluorescence Quantum Yield (Φ)
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The fluorescence quantum yields of PBTz-PyrBr and PBTz-TMABr in different polar solvents, including H 2 O, H 2 O:MeOH (1:1) and MeOH, and PBTz-Na, PBTz-PyrBr and PBTz-TMABr in DMF:H 2 O (1:1), were determined relative to a reference sample of known quantum yield Φ (rhodamine 101 inner salt in MeOH), with the possibility of correcting for differences between the refractive index of the reference r n , and the sample solutions s n using the following equation. 
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The subscripts s and r denote the samples and reference. The S represents the integral of the corrected emission spectra at the wavelength of excitation. The n stands for the refractive index of the solution. The  is the fluorescence quantum yields. The r  value of rhodamine 101 inner salt is 100%. Besides, the values of all average Φ are further confirmed by using another standard cresyl violet 670 perchlorate ( r  = 56%) to decrease the statistical uncertainties of Φ determination.
For the mixed solvents of 1 and 2, the refractive index n can be calculated as following equation. The integrated emission S is obtained in three steps. The first step is the UV-vis absorption of the sample and reference to obtain the excitation wavelength. Here, the excitation wavelengths for PBTz-PyrBr are 520 nm (H 2 O), 542 nm (H 2 O:MeOH 1:1) and 543 nm (MeOH) respectively. The excitation wavelengths of PBTz-TMABr are 525 nm (H 2 O), 551 nm (H 2 O:MeOH 1:1) and 554 nm (MeOH) respectively. The excitation wavelengths for PBTz-Na (H 2 O), PBTz-Na, PBTz-PyrBr and PBTz-TMABr in DMF:H 2 O (1:1) are 518 nm, 514 nm, 529 nm and 543 nm. The second step is the fluorescence emission spectra of the sample, reference and blank. The third step is subtracting the blank from the sample and the reference respectively to obtain the fluorescence integrals of the sample and the reference shown in Figure S13 and Figure S14.
Dynamic Light Scattering (DLS)
Dynamic light scattering measurements were taken using a DynaPro NanoStar with Dynamics software for data collection and analysis from Wyatt Technology. Measurements were carried out using a He-Ne laser at a wavelength of 658 nm at room temperature. The concentration of each sample is 0.0167 mg mL -1 . An autocorrelation function was determined using the provided software to fit the data. The diffusion coefficient was extracted from the autocorrelation function such that the hydrodynamic radius was calculated using the Stokes-Einstein equation. All the DLS data are displayed in the tables below.
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Figure S11. The UV/Vis unnormalized absorption spectra of PBTz-PyrBr and PBTz-TMABr solutions in various polar solvents.
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Figure S12. The PBTz-PyrBr and PBTz-TMABr solutions with lower polarity of solvents. 
